
CHRLATION CONTROL IN THE INTRAxo- ADDITION OF 

ALLYLSYLANES TO CARBONYL ELEffROPHILES 

R- ofnllylsilws and tiylstan- with cutmnyl clcctrophiks have twunc 

exceedingly us&II for highly sekuivc fosHwiat of 4xrbotle txMKts. Although initial 

investigations focused piaruily on rhe chcmo&&ity dsuch ndditi2 oyxe reamtly the 

unique st~lcctivity exhibited by these tiylmctUcs hu ncdwd twctt ultiio;on. !3wlks have 

bxnwpatatonthcc@mAhrw sckctivitydwunbcobtGedinintcmml~8ra&Mottsaf 

y-substituted 4llylsituus utd ~lylstuman es to “simpk” &khydes ud ketones? as well IS on use 

of cfwlation to direct &d&xl of lmsuhaitursd allytilancs ltxl &llylstMruuws to cubonyl substlwcs 

truing Lewis basic subMucn~ at the a or fl positiotx4 In rmny instance. these studks hrvc 

dunatstrated rignifiunt adbantags ovcz existing mahodobgits in both the sense ud agog 

of staeosckstivity.~ 

3%~ ayttudrhrco sekctivity c4allyls3ancs ud allyktantuncs towd wbortyl ekcacphiks 

has also been iknmnstnud in inaundccular uses.* As with intatwkculsr ezttmpks. 

diastcrwukctivity in these systems is quite high. Such inv&grriorrt ate parriculatiy along 

boxuse the to- of allylsilrrm in pateukr, for 1 wide variety of chemical aansfe’ 

m&a these latent nuckophiks iduf ptcursurs for intrundsuiu cubonertmn bad faming 

rtacdonr. We wut inittity attmcted to 8llylsilanc cyclbiut tutctions of this type because oftbe 

lack of studies on use of chclubn to amao stuwcbcmi~ in ittttwwkcular cubonyl &it&n 

rurtions. Thus. u put of a p’ognm to exploit chektiott in the dcvcloptnmt dcfftcknt. 

~trolkd rppn#rhes to funcbxalir.4 carbocycks.8 we have initiated 1 study aimui at 

Winuting the l ppliubt of this highly useful mnrml elanent in intramokcukr additiar of 

allylsilaJlcs to &Gurbonyl substrltes. 

Rcrulu md Discosriott 

As I stuting point, we urgetal f$-kctocs~ 2 fa study.9 R&ted praidcts in our 

lbuxory hive danrnszrnti dicartunyl subtnltes of thii type D be CffaxiH umplrtcs for 

chrktin: cycliutiwu.~ 
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Addirlon of rt~ylwkmes IO c~rbonyl ckcrrophks 3873 

subsaue R R’ R” % Isolual Yield (7) 

68 Me H Er 76 

6b Ei H Me 57 

6c CR H t& 56 

6lf f-BU H kk 75 

6e He Mt Er loot 

‘Re&onwucmiuloutu-78V. 

1a 1s A-ca 18 R.on 17 R-cm 
l@ R-Y la R-Y 10 n-t& 

As postulacd, subsmus 1% and 1Sb wue readily cyclizcd to six- (Me) md 

seven-mbaai ring xlcdrols (Mb), IcxpKsivcly (Txbk rv). Exalknt diuausckctivity wxs 

obsuvcd in the cyclimtion proaJr unfatulutiy. cffms wcycli2.e lk w the carrspardinp 

eight-munbmdtigmctwitb fdwc.prcwidbgodydmilyhadsatingnmhaL cpbocyclcs 

16rud16brvaearnv~wthtcomzponling~lrtonctroordingwIhe~uenoe~bxi 

above. thus carfirming &cir stau~&Acai xssignnrnt. 

SymnmicA dikuonc submus I lb (R - Me) mi 1881 hxve xlsa bctn effcmively 

cyclittd w five- md six-lumbatd rings, mpmivcly (Trbk IV). Whik 101 pwidat 11 xs 8 

singk dies mwmtr,thehamdogousur~le(18~)grve19~20ux13:1nuioof 

diutaconm. Wtwrr~~ewCMy~tcyclLuiondllbwthcamspadin8 

scvtn-mcmbaad ring. isokting only cksilylued safting mxu.lilL 
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Addmon of allylrllancr to csrb~nyl clcctroph~lm 

Table V. Titanium tcmcWr& pmmoted cycliitions of 3-alkanoyL3-methyl-S- 

(aimethylsi)yl)~yl-~~xen-2-arw (lo) 

-- --- -.- 

Subsume R 8 isolated Yield (21 * 22) Ratio (21 : 22) 

lob 

1oc 
10d 

10e 

e 
i-R 
1-BU 

Ph 

71 

46 
71 

87 

1 : 1.5 
5.3 : 1 

>2t-l: Ia 

~20: la 

I_.-_ 

aRdkxrtinrbmytodetmtninaisotmbyt3CNhiR. 

- .- 

This high nkctivity led us to prepay @-fmyl carbony canpounds 23 and 25. 

Hydroxyrwhylation of the appmpriae cartxmyl prccmus with momcmric fcmwldehyde. 

followed by Swm oxidat&m provided the desired substrates. 

n 0 0 

23: YIoe 24. Y.oe 
2s: v.r.lkl 2@ Ym.r.& 

As expected, these substrates cyclizui undm standa& rcactim conditions. and the desired pmducts 

(24 and 26) were iwlrtcd in excelknt yields (91% and 85%. nspcctively). Rueful GCJMS 

analysis of cmde temion mixnms in each insmnce indicated I dias tmmnericratioof>9o: 1 for 

these uansfommicms. As bcfm. spectral and physical pmpaties of these products were 

consistent with the expend chelation~trolled ptod~cts.*~ 

Kmk and coworkers have rcpcmd use of chelation in intmmok~ular reactions to control 

diastereof~ial addition of ymhstitutcci allylstannanes IO a- and brlkoxy aldchydes. generating 

three stereocentezs in a single step.‘f* These reports and our own suffesses with inttamoltcul~ 

chelation control pmmpted us to expkm inrrcundan, lar variants of this process. whemn three 

contiguous stemcenters a&d bc estabhshed cm the carbocyclic ring with a high degtre of contml. 

We sekcted as target substram isometic @-ketoesms 27 ud 28. 



G, A. Mou~lmn and 5. W. Amnms 



Additmn of allylr~lancr IO carbonyl ekctrophks 

An Malogous dikcum subsma pmvkkl useful mechanidc insight5 into this cycliution 

pluccss. ur&frheIwxial cot&ions, 32 cyctizcd u) I mixnut of lhnt of the four possible 

dillaaeantricpraiucts,inahoof 12.8:4 I : 1. 

WclmitNelhis&amhclzmialin-cctivifyfortisubftn*ro- 

rigidiry of the bnhm 0 chclau. II is logid to assunE thxtwbszinrtianofhcwcrgmupin32 

with x less kvis bask kcmne grwp results in a we&m. and thus nmm flexible. cbelaa. In a kss 

rigid chclue of his rypc. uuqy difhmas tmwcm the two synclinal transition states depicted in 

the Figure might not be as lugc. msuhng in bwu diruaa>seloctitify. 

This pmpoal was also substantirtcd by results obtained in the cycliaion of 28 using 

BFjOEr2 as a uulyst. Under these nonchcluing c0ndition.W~ a 1: 1.6 : 1.5 : 0.2 ratio of 
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Addmon of allyl,rhne, IO urbooyl ckctrophk 

l3xpcriwotal satioa 

3879 

fRspeunwerereaxdalwrRrkin-Elnrr727Binfmredrp&nophoumnnand 

CditSWdbyCCUlphO wilhrlmaldmd0.05mmllliCk~film Fr-IRsplecmwae 

perf~onMIBMm/30saiuar-PolrrirFr-IR~ m. ‘HNMRwem 

mcu&d using a JBOL FX-!XQ, h4ag1~han A-200. a Bmker WM-250 rpa~mrmaa opemdng at 

89.9 MHr_ 200 MHz or 250 Mix. mspectively. with CDCl3 as solvent am! CHClj as internal 

SM (8 7.24). 1% Nh4R spccua wae n?cadcd using cifhcr 1 JEOL ix9OQ or Magnrkm 

A-200 rp&aomcm opcnting u 225MHz 0150 Mix. mspcctkly. with cDcI3 as both solvent 

andinternalstamM(677.0). Lowmsolutionandur~massspecuawaemco~MonaVG- 

7070 EQHF mass 7 empbying m=== lsinemalsundmd. Allmass 

spaxfa war g!eMaud usklg 17Ckv tintion potrnrial. Gas-liquid ctuumatognphic analyses 

war. cxMucud cm a Hewltcl f%zkanl M&l 589oA cw equipped wifh a Hewlen 

Packard Model 3390 digital inugruot utiliring either a 25 m x 320 p 5% pknyl SE-54 fused 

silica 01 a 25m x 320 )rm 10% fused silica cubowax c&mn. Flash cbemamgmphy was catried 

out utilizing sundud f%cceclures. 

Ragcam. Dichloclomth~~ was s-timed over wnccntntcd H2SO4 overnight. then was 

washaiwithwarerudsatmaaApotauium~ fractiooally distillal frun calcium hydride 

undaargcmudstcxedinabFownba!kova4~a&zularsi~. Titaniummtr~hMdewas 

diuiJkdpricrtouseandsraufinaTcfbn-smpccckedboaJeun&rargon. Bauntrinu&de 

dielhyl~ocwasdirtilled~~umh~mdnorrdudtrueon. AllRIccionswere 

ccnducud u&r an inert argon auno@ae qbying smndatd bench-top rechniques fcr handling 

of air sensitive ma&al.% 

Cyclizatioo of bxoeater ~BII fLoxoketoee robatmtca with TIC&_ General 

W. To a solution of titanium uuuchloride (4.0 rmrxA) in cH2Cl2 (7.5 mL) at -78 ‘C 

was slowly rdded a solurion of Ihe substrate (I .O ml) in CHfl2 (2.5 mL). The mu&n 

mixture inszanmueously mrned deep md. The mixture was allowed to stir u .78 “C for Ihe weed 

timcafarbeingqucnchedbynpidaMitionorwnouedKZCO)(5mL). Themtxmwasthen 

p~9’~betwccnetha(lOmL)ndrmcr(lOmL). Thequanlspcctialwufurlhercxuacrcd 

wilh ether (3 x 10 mL). then Ihe combined optic exfncts war washed with twine (IO mL) and 

dried over Km. 

Cycliaion of Ethyl 2-Acc~l-2-mttbyl-4-(trimc~yldlyl)mcchylJ- 

pcotet~~te (2a). Udng the genuaJ pmcedure dtrribed above. 2a (169 mg. 0.626 mmol) was 

cyclired over I5 min to pwidc etJ1y1 (1R l , 2S*)-l&Glethyl-2-bydroxy-4- 

methylcnayelopcaunrtmxylnce (3a) (108 mg. 0.548 mmol). 88%. isolated by bulb IO 

bulb distillation: bp 6570 ‘C (0.03 nun Hg). ‘H NMR (CDQ ): 6 4.94 (am. 2H). 4.18 (q. J 

= 7.0 Hr. 2H). 3.25-3.08 (m, 2H). 2.502.05 (m, 3H). 1.41 (s. 3H). 1.28 (t. J = 7.0 Hz. 3H). 

1.21 (s. 3H); ‘3C NMTt (CDCI3 ): b 176.45. 146.u). 109.15, 8144.6069. 54.91. 45.61. 

42.80.22.64.21.54. 14.31; FT-IR (CHCl3): 3520.2970.2870. 1710. 1450. 1385. 1100. 1005 

cm.‘. Ex.xt mascakd fcxCllH~&: 198.1256, found: 198.1267. 

Cycliution of Ethyl 2-Aatyl-2-ctbyl4(uimethylrilyl)mcthyl-4-pentenoatc 

(Zb). Using the generaJ procedure described above, 2b (607 mg. 2.13) was cyclired over 2 h IO 

provide ethyl (lR*, 2S~)-l-ctbyl-2-mctbyl-2-by~xy-4- 

methyleaezyelopen~eeuboxylatc (3b) (354 mg. 1.67 mmol). 78%. isolated by flash 
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Addltlon of allyhtancs IO carbonyl declrophk 

1695. 1475. 1390. 1370. 1300. 1275.1215.11500.1120.1025 cm-‘. Exrr auxs crlcd for 

Ct3Hfl3: 226.1569. fouad: 226.1575. 

Cyclkdoa of RtJtyl 2.4.CTrtmetby~-2-[2-(~~ylsilyl)~~yl-2- 

progeaYW3~~~ (2g). using tile gtncnl prucairrn decrribed rbove, 2g (174 

mg. 0.557 mmol) vu cycled OVQ 2 h to ptovi& ethyl (lR”. ZR.)-1-melyl-2-r-butyl-2- 

hydroxy-4~metbylenccyclopeatxrboxylrtc (31) (98.8 mg. 0.41 I mmol). 74%. 

isolxtal by flash Mphy (8% EtOAc in hcxaws on silica gl). tH NMR (CD@ ): 6 

5.24 (m. lHI.4.90 (h m. 2W. 4.14 (q. J - 7.25 Hz. 21). 3.28-1.38 (m 4W. 1.25 (t. J - 7.2 

Hz. 3H). 1.25 (a. 3H). 0.96 (s. 9H); ‘Q NMR (CDCl3 ): 8 178.96. 147.05. 107.93. 89.40. 

61.40. 53.87.48.45. 39.52, 38.59, 27.59, 21.W. 13.78: IR (nut): 3450. 2995, 1700. 1480. 

1405. 1375.1305. 1280.1200.1125. 1090.1035.990 cm.‘. Exact mxss cxkd for CtdHuO3: 

240.1725. found: 240.1727. 

Cycliutioo of Ethyl 2-&oroyl-2-wthyl-4-(trimethylx~yl)mcthyl-4- 

peattmte @II). Using the gcnerzl procalu~~ described above. 2b (440 mg. 1.32 mmol) WY 

cyclizd over 2 h to provide ethyl (1R l , 2R*)-I-methyl-2-bydroxy-2-pheoyl-l- 

methylcoccyclopcn~ xylxte (3h) (255 mg. 0.979 mmol). 7446, isolxud by flash 

chrwnrtogtaphy (17% EtOAc in hcxxncs on silica gel).tH NMR (CDCl3): 6 7.44-7.22 (m. 5~). 

5.05 (m. 2W. 4.79 (s. 1H). 4.14 (q. J = 7.2 Hz. 2H). 3.37-2.35 (m. 4H). 1.20 (I. J = 7.2 Hz. 

3H). 1.12 (s. 3H); 13C NMR ((=DcI3 ): 6 176.68. 146.21. 141.74, 127.49. 126.51. 108.58. 

84.96.60.99. 55.38.44.60.43.95. 21.10. 13.97; IR (nut): 342.5, 3090. 2995. 1705. 1480. 

1375. 1315. 1260.1190.1075.1035.980.900 cm-‘. Exact mass c&d for CtbH&: 

260.1412. found: 260.1412. 

CyCliIMi00 Of Ethyl 2-ACCtyl-4-(trimethylxilyl)mtthyl4peotcooxte (2i). 

Using the gcncd procoda dcsuibed xbovc. zi (a5 mg, 0.955) wxs cyclized OVQ 6 h xt -20 OC 

to provide ethyl (lR*. 2S*)-2-hydroxy-2-methyl-4- 

mtthyl~~cydopc~t~~~uboxy~xte (3i) (101 mg. 0.548 mmol). 57%. isolated by flash 

chmmxtogrsphy (17% EtOAc in kxancs on rilicr gel). tH NhtR (CDCl3 ): 6 4.91 (m. 2H). 

4.17 (q. J = 7.2 Ht. 2H). 3.211. (br s. IH). 2.802.25 (m. SH). 1.39 (s. 3H). 1.26 (I. J - 7.2 HZ. 

310; ‘* NMR (CDCl3 ): 6 174.10. 147.07. 107.58. 78.68. 60.56, 52.54.47.60. 34.71. 

26.16. 14.06; IR (next): 3560.2950. 1720. 1700, 1480. 1310. 1250. 1120. 1040. lOlOcm-1. 

Exact IMSS c&d foe C1$,1&: 184.1m. found: 184.11~. 

Cycliutioo of 3-Acctyl-3-[2-(triatcthylxilyl)adlyl-2-proyl] 

ox~clopc0W-~-oac (50). Using the genuxl procedure described abvc. SO (101 mg. 

0.431 mmol) wxs cyclixed over 4 h IO pmvidc (SR*. 6S*)-bhydroxy-bmethyl-2- 

0xxxpiro[4.4]ooom-1-0~ (51) (43.1 mg. 0.237 mmd). 55%. is&led by flub 

chmmxtognphy (50% EtOAc in hexxncs on silica gel). IH NMR (CDCl3 ): 6 5.00 (m. 2H). 

4.30 (m. 2H). 3.76 (m. lH), 3.10-2.71 (m. 2H). 2.40 (m 2H). 2.0 (m. 2Ii). 1.33 (s. 3~); tV 

NMR (CM313 ): 6 180.70, 145.05. 109.22. 80.56. 65.42. 54.24. 45.85, 40.85. 31.68. 22.72; 

IR (nw): 3490.2900. 1725. 14%. 1360, 1275. 1135. 1060. IOZOcm-1. E!.xr~ mass cxlcd for 

C1$-It403: 182.0943. found: 182.0938. 

Cyclitltioa of Ethyl 2-Acetyl-2-melhyl-s-(aiwthylrilyl)mcrhyl-s- 

hexcaoatc (15x). Using the gencnl procedure described xbove. 15x (412 mg. I .45 mmol) 

was cyclizcd over 2 h to pride ethyl (lR*, 2S*)-l.2dimethyl-2-hydroxy-4- 

mttbylenccyclobcxxBcarbo xylxte (16x) (240 mg. 1.13 mmol). 78%. isolated by flash 





Addltlon of allylrllanes IO carhonyl declrophlles 

1.75 (m. 411). 2.16 (s. 3H). 1.16 (s. 3H). l.O8~.89 (m. 5H); ‘3C NMR (CDQ ): 6 216.88. 

140.44. 115.57. 81.78, 59.34, 45.69, 43.33, 35.06. 27.79. 22.95, 17.59. Fr-lR (mixture. 

CHCIJ): 344O. 2990. 1695. 1690. 148O. 1370. 1240. 1205. 1110. 1060. 1020. 1010.990 cm-‘. 

EnactIwscalcdforCllH160(M-18): 164.1~1,found: 164.1193. 

Cyclizadoo of 3.S-Dim#Lyl-3-[Z(~~y~Uyl)~~yl-2-p~~oyl]-2.4- 

pentaocdhc (1Oc). Using the gcocml pacdure &scribed rbovc. 1Oc (268 mg, 0.998 

mr.twl)wascyclkdover2btopmvideaS.3:1 mixurcofirwn (130mgccalccxnbincd.0.662 

WI), 66%. isohal by flash chranrtognph y(88EloAcinhuulle3oasihgcl). Mljcx 

~somcr (lR*, 2S*)- 1.2diwthyl-2-ilobot~l-~~~yleoecycl~~ol (2 lc): ‘i I 
h’SW (CDCl3 ): 6 4.92 (ma 2H). 3.50 (I. 1H). 3.01 (d. J = 16 Hz, 1H). 2.92 (m, IH). 2.44 (br 

m. 2H). 2.34 (6 J - 16 Hz Iti). 1.36 (I, 319. 1.18 (s. 3H). 1.07 (d. J a8.2 Hz. 3H). 1.03 (d. J 
= 7.9 Hz. 3H); ‘x NMR (CDQ ): 6 218.41. 145.88. 108.31. 81.61.6O.10.45.63.41.73, 

36.60. 33.23.23.07. 20.47. 19.76. EXKI mass calcd for C12H180 (M-18): 178.1358. found: 

178. I37 1. Minor isomer (lR*. 2R*)- I-isopropyl-2-acetyl-2-methyl-l- 

mclbylenccyclopcotano1 (22~): IH NMR (CDCI3 ): 6 5.16 (I. 1H). 4.92 (m. 2H). 2.92 (d. 

J = 16 Hz. 1H). 2.45 (m. 2H). 2.32 (d. I - 16 Hr. 1H). 2.24 (s. 3H). 1.77 (m. ltn), 1.24 (s. 

311). 0.92 (m. 319.0.73 (tn. 2H); 1% NMR (CDCl3 ): 6 216.88. 146.53. 108.13. 88.34, 

57.09. 46.75. 45.28. 33.63. 28.85, 20.11, 18.40. 17.57. FT-CR (mixture. CHC13): 3470. 2995. 

1710. 1690. 1610. 1470. 1385. 136O. 1265. 1235. 1105. lOOOcm-‘. Exrct masscalcd for 

Cl$i& (M-18): 178.1358. found: 178.1364. 

Cycliutioo of 3.S,S-frimethyl-3-[2-(Kimethylrilyl)methyl-2-propCoyl]- 

2.Cpentaocdior~ (1Od). Using the general pocedure described above. 1Od (7% mg. 2.82 

mmol) was cyclized over 2 h 10 provide (lR*. 2R*)-13-dimethyl-2- 

(di~thyl)propiooy14-~thylcDccyclopeor~1 (Zld) (420 mg. 2.00 mrnol). 71% 

isolakd by flash chrunamgraphy (7% WAC in hexanes on silica gel). IH NYR (CDCl3 ): 6 

4.92 (m, 2H), 3.41 (bt s. 1H). 3.15 (d. J = 15 Hz. 1H). 2.54 (d. J = 15 Hr. IH). 2.46 (br m. 

2H). 1.41 (s. 3H). 1.23 (s, 12H): 13C NMR (CDCI3 ): 8 197.38. 146.82. lO8.07. 83.55. 

61.05, 46.05. 44.45. 41.68. 28.74. 23.24, 21.41. FI--IR (CHCI3): 34460. 2995, 1690. 1480. 

138O. 123O. 1120.995.945.910cm-‘. E~twscalcdforC13H200(M-l8): 192.1514. 

found: 192.1516. 

Cyclirrti~n of 3-Beoroyl-3-wlyl-3-(plmatbylsilyl)mcthy-hcxen-2-o~e 

(1Oe). Using Ihe general procedure described above. 1Oc (224 mg. 0.740) was cyclized over 2 

h 10 provide (lR*. ZS”)-l.2dimc~yl-2-koroyl-4-~~ylcoecycloptnuool (21~) 

(149 mg. 0.647 mmol). 87%. isolated by flash chranuognphy (7% ErOAc in hexanes on silica 

gel). IfI NMR (CDCl3 ): 6 7.84-7.39 (m. 5H). 4.95 (m. 2H). 3.72 (m. IH). 3.42-2.68 (m. 

2tQ. 2.48 (br s, 2W. 1.49 (s, 3H). 1.36 (s. 3H); 13C NMR (CDCI3 ): 6 208.37. 146.53. 

137.72. 131.72. 131.82. 128.10. 108.13. 83.26, 58.98, 44.98. 43.33. 22.89; FT-IR (CHCI,): 

3540. 3oRo. XIOO. 2990, 1685. 1620. 1600. 145O. 1375. 1360. 1240,980 cm.‘. Exact mass 

crlcdforC15t1160(M.18): 212.1201,found: 212.1189. 

Cycliutioo of 2,2-Dimrthyl-4-formyI-4-mctbyl-bpcntea-3-ooe (23). Using 

the general proccd~rr ducribed above, 23 (149 mg. 0.555 mmol) was cyclixd over 15 min IO 

provide (lR*, 2S”)-2-(diw~yl)ptopiooyl-2-Mlyl-l-mer~ool (24) 

(98.1 mg. 0.5OO mm01). 91%, isoleud by flash chranalography (14% EIOAC in hexaner on silica 

gel). ‘II NMR (CDClj ): 6 4.94 (m. 219.4.22 (m. IH). 3.16-3.25 (m. 4H), 2.66 (br s. III). 
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AddIllon of allylsliants IO orbonyl ckc~rophllcs 3885 

Prep~adoo. of (B)-1-T~yl~Uyl~~2-bs1ene (29). To I stir& 

solutiar of s&km kcnxi& (2.14 g. 20.8 mnd) in DMF (20 mL) at room tanparturc was a&d 

4). I-tfimethylsilyl-bch2-hexenc (795 cog, 4.17 mmol). The mixture was hu*d to ca WC 

fa36houx%ttunccokdDmuxl ampmnnz, dilu*d with ethyl ixhu (40 ml.), and washed with 

w-(4x 10mL).Thc4ucouspati~xuwenbackcxtmacdwithc~hc7(2x ISml),thcnthe 

cuhinedcrganichyaswcrewashcdwithMnc(3x 1SmL),dhcd(MgSO.&filtcrcdand 

concentrated in vwo. Bulb to bulb diuillrtion provided (R)-1-rrLmtthykilyl~brarro-2- 

bexeoe (29), (850 mg, 3.61 mmol), 87%. as a clear, coioricss liquid: bp W-107 OC (14 mm 

Hg). tH N’MR (CDCY3): 8 5.W4.87 (m. 2H). 3.27 (I. 1 - 7.01 Hz. 2H). 2.12-1.74 (m, 4H). 

1.39 (d, J = 7.5 Hz, ur). -0.03 (s. 9H); ‘3C NMR (CDCI,): 6 128.73. 127.52.45.76. 33.33, 

29.75.12.36, -2.03; IR (neat): 2995,1665, 123blllS.95W cm-‘. Exact mnss c&cd for 

C+lI9BrSi: 234.0439, found: 234.0426. 

CycUxation of Ethyl (B)-2-Acetyl-2-methy1-8-aimcthyliifyl-dotenoate 

(27). USing the gennrl poceduze Wc7ibcd l b0vG 27 (340 mg, 1.14 mnol) wns cyclizcd over 

2 h to provide ethyl (lR*, 2S*, 3S*)-1&dimctbyl-2-ttydroxy-3- 

ethykneqchhexu xykte (31) (247 mg. 1.09 mmol), %%. is&ted by bulb IO bulb 

distiiiation: bp 5@60 Oc (0.01 mm Hg). IH NMR (CDCl3 ): b 6.12 (ddd, J = 4.9. 10.7. 17.5 

HZ. Ifi), 5.07 (dt. J - 10.7, 1.7 Hz. 1H). 4.97 (dt. J - 17.5. 1.7 Hz. lH), 4.62 (m. 1H). 4.17 

(dq. J = 2.8.7.1 Hz. 2H). 2.42 (m lH), 2.16 (m. 2H), 1.65 (m, ZH), 1.48.1.29 (rn. 2H). 1.30 

(1. J - 7.1 Hz, 3H), 1.27 (r, 3H), 1.02 (d, J - 0.6 Hz.. 3H); l* NMR (CDCl3 ): 6 179.20. 

139.22. 114.54, 75.48, 60.64, 51.20, 48.39, 33.98. 27.88, 22.77. 20.82. 16.30. 13.92; FT-IR 

(CHC13): 3450.2990,1700,1450, 1380,1365,1260.1220.1180.1120.10?5, lo15 cm.1. 

Exact mass cakd for C13HZ2q: 226.1569. found: 226.1573. 

Cy~liution of Rtltyl (Z)-2-A~etyl-2-mctby~-8-uimcfhylrilyl-donoate 

(28). Using rhc guKnil paedure described above. 28 (167 mg, 0.559 mmd) was cyclid 

over 2 h to provide 31(126 mg. 0.557 mmol), 99%. isolued by bulb to bulb distillation. 

cychhon of (8)-3-~cetyl-3-tncthyl-9-tittWhylrilyl-7-noncn-2-ont (32). 

Using the genaad prucdurc dcscrikd hove. 32 (199 mg. 0.741 rmnoi) was cyclizad OVQ 2 h to 

provideal: 4.1: 12.8ntioofdias~ 031 mg. 0.647 mrnolL89%. isolated by bulb to bulb 

distillation, bp SW0 *C (0.01 mm Hg). Major diastarw~ (fR*, 2S’, CiR*)-I,2- 

dimetbyl-2-acetyl-6-etheaylcyclobexattol(33a): IH NMR (CDC13 f: 6 6.11 (d&j. J - 

4.9. 10.7. 17.5 Hz. lH), 5.08 (dt, J = 10.7. 1.7 Hz, iIf). 4.94 (dt. J = 17.5, 1.7 Hz, IH). 4.55 

fm 1H). 2.51 (m, IH). 2.32-1.10 (m. 611). 2.20 (s, 3li). 1.13 (s. 3H), 0.99 (s. 3H); 13C NMR 

UC13 1: 6 218.77, 139.14. 144.544. 76.61. 55.55. 47.47, 34.36, 31.43, 27.91, 23.15, 19.46, 

17.08; FI--iR (aa3): 3470.3OW 2930.1680.1640.1460, 1450.1400.1360.1235, 1125, 

9% 920 CIX~. EXW rw~ crkd fa Cl2H&: 196.1463. found: 1%. 1455. Minor 

diastcnomer (lR*, 2S*, 6S*)-l,2-dlmctbyl-2-acctyl-6tthenylcycloheunol (33b): 

IH NMR (CM113 ): 5 5.89 (&Id. J = 3.94. 8.66. 10.5 Hz, lH). 5.00 (dt, J = 2.0. 3.9 Ht. tH), 

4.93 tdt. J = 2.0. 10.5 Hz, lirt, 4.34 (br s. IH). 2.46 (s. 3H). 2.14-1.13 (m, 7H), 1.27 (s. 311). 

I.10 (I, 3H); FTT-IR (CHCl3): 3470.3#0,2y90. 1690. 1455, 1330.11220. 1 ISO, 990 cm.1. 

ExactrmtiukdforC~2H20q: 1%.1463,found: 196.1451. 

C$dizitiOXi Of Ethyl (E)-2-Acetyl-2-wthyl-7-t3imethylsilyl-S-heptettoate 

Ml). Using the guKn1 vroccdure ducribed above. 41 (268 mg, 0.942 mm&) was cyclized 

ovcr2htoprwidcan83 :7.3: 1 ~t~~~~ 42 ( 190 mg axnbined, 0.89s mmol), 





AddlGon of allylsllancs IO arbonyl clcctrophllcs 

lug. 1.04 uxrxq vu cyclizd IO pwidt (1R.. ZR.)-N~~yl-2-r-bo~l-2-hy&oxy- 

4-mcthyleawyclopntaa~x~midc (7d) (177 mg. 0.785 nwnd). 75%. isolated by flash 

chmmxtognphy (50% EtGAc in bcu~tr on silica gel). ‘H NMR (CDCl3 ): 6 6.2’9 (s, IH). 4.77 

(IN s. 2H). 3.00 (s. 6H). 2.85 (s. ZH), 2.8@1.05 (m. 3H’). 0.79 (s. 9H): 1V NMR (CHCl3): 

176.68. 147.81.106.74. 86.91, 42.38, 40.38. 37.29, 37.02. 36.64, 35.28, 26.02; FI.-IR 

(CHCl3): 3305.3ooo. 1620. 1480. 1420. 1345. 1210. 1165. 1010.935 cm.‘. Exxct mass calcd 

fa C13H=N@: 225.1729. fcund: 225.1743. 

Cyclizadoa of N.N-DLrhyl-2-~tyl-2-methyl-4-(almechylrilyl)mcthyI-4- 

pcateMtEi& (SC). Using the gcncrxl Pmadurr de&bed rbove. 6c (205 mg. 0.689 mmol) 

wxs cyclized ovu 15 min 11 -78 ‘C to pwide (1R.. ZS*)-N,Ndictbyl-1,2~iwthyl-2- 

hydroxy-I-methyleDecyclopcntuccxrtwxxmi& (7~) (155 mg. 0.688 mm&). 100%. 

Isolated by bulb to bulb distill&m: bp 90-95 “c (0.03 mm Hg). IH NMR (CDCl3 ): 6 4.90 (m. 

3H), 3.41 (m. 4H). 3.02 (d. J - 14.8 Hz. IH). 2.44 (d. J = 14.8 Hz. 1H). 2.39 (m. 2H). 1.46 

(s. 311). 1.25- 1.05 (m. 6H). 1.22 (s. 3H); 13C NMR (CDCl3 ): 6 176.41. 147.15. 107.34. 

83.50. 53.29, 44.23, 42.54. 41.14. 23.28. 22.81. 13.40. IR (nut): 3450. 3CQO. 1605. 1470. 

139O.1370.1120. 1090 cm]. Exact mus calcd fa Cl,HaNa: 225.1729, found: 225.1725. 
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